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Deai cairns 1, 3-6 have been amended. Claim 2 has been deleted. 

Claims 7-11 are new. No new matter has been added by these 
amendments. 
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that the reference to claim 2 has been deleted since as filed 
claim 2 has been deleted. Claim 6 as filed corresponds to new 
claim 4 with the exception that the dependency has been corrected 
in light of the renumbering of the claims. Claim 7 as filed 
corresponds to new claim 5 with the exception that the reference 
to deleted claim 2 was removed. Claim 8 as filed corresponds to 
new claim 6 with the exception that the dependency has been 
amended in light of the claim renumbering. 

Claims 7-9 were added to specify that the composition of the 
present invention can be a nutraceutical for prevention and 
treatment of cancer as taught in the specification as filed at 
page 9. No new matter has been added by this addition to the 
claims . 

Claims 10 and 11 were added to specify that the composition 
of the present invention can be a dietary supplement for 
prevention and treatment of cancer as taught in the specification 
as filed at page 11. No new matter has been added by this 
addition to the claims. 
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International 
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International 
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International Bureau of WIPO 
34, chemin des Colombettes 
1211 Geneva 20, Switzerland 

p acr ^^ to I r ^rnational Search Report 

Dear Sirs: 

This is in response to the International Search Report 
marled 27 December 2000 setting a two (2) month period for reply. 

Claim 1 was amended to include the language of using three 
or more polymethoxylated flavones as listed in response to the 
Search Report. Support for this amendment to the claim can be 
found in the .specification as filed at page 4, where the 
components as listed in claim 1 are taught, at pages 4-6 where 
the activity of an extract containing multiple polymethoxylated 
flavones in taught, and at page 9, where a combination of 
polymethoxylated flavones is taught. No new matter has been 
added by this amendment to the claims. 

Claim 2 as filed has been deleted as the subject matter of 
this claim was incorporated into claim 1. Claim 3 as filed is 
now claim 2 in the replacement claim set. Claim 4 as filed has 
been deleted in accordance with the deletion of as filed claim 2. 
Claim 5 as filed corresponds to new claim 3 with the exception 




What is claimed is : 

1. A composition comprising an extract of orange peel 
containing three or more polymethoxylated flavones, wherein 
said flavones are selected from the group consisting of 
5 4',5,6,7,8-pentamethoxyflavone, 3',4',5,6,7 f 8- 
hexamethoxyf lavone, 5, 6, 7, 3', 4 • -pen t amet hoxy f la vone , 5- 
hydroxy-6, 7 , 8 , 3 ' , 4 ' -pentamethoxyf lavone, 5-hydroxy-7 , 8 , 3 ' , 4 ' - 
met hoxy f lavone, 5 , 7 -hy d r oxy- 6 , 8, 3' , 4 ' -methoxy f 1 a vone , 

5, 7, 8, 3' , 4 ' -pentamethoxyf lavone, 5,7,8,4' -met hoxy f 1 a vone , 

10 3,5, 6,7,8, 3" ,4' -me t hoxy f la vone , 5 -hydroxy- 3, 6,7,8,3' ,4' - 

methoxy f lavone, S-hydroxy-6, 7,8,4' -methoxy f lavone , 5,6,7,4'- 
methoxyflavone, 7 - hydroxy- 3 , 5 , 6, 8, 3' , 4 ' -me thoxy f 1 a vone , and 
7 -hydroxy- 3, 5, 6, 3 ' , 4 ' -methoxy f lavone , and a physiologically 
acceptable carrier or excipient . 

jr. 2. A composition comprising the extract of claim 1 and 

at least one other compound selected from the group consisting 
of rosemary extract, a Mexican Bamboo extract, a Huzhang 
extract, resveratrol, a black tea extract, and a hydroxylated 
or methoxylated resveratrol analog. 

20 3. A method for inhibiting tumor cell growth in an 

animal comprising administering to an animal the extract of 
claim 1 . 

4. A method for inhibiting tumor cell growth in an 
animal comprising administering to an animal the composition 

2 b of claim 2 . 

5. A method for preventing or treating cancer in an 
animal comprising administering ■ to an animal an effective 
amou n t of a n extra c t of claim 1 . 
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6. The method of claim 5 further comprising 
administering at least one additional compound selected from 
the group consisting of a rosemary extract, a Mexican Bamboo 
extract, a Huzhang extract, resveratrol, a hydroxylated 

b resveratrol analog, a black tea extract, and a methoxylated 
resveratrol analog. 

7. A nut raceutical for prevention or treatment of 
cancer comprising the composition of claim 1 or 2. 

8. The nutraceutical of claim 7 wherein said 
10 nutraceutical is administered orally as a tablet, capsule or 

1 iquid . 

9. The nutraceutical of claim 7 wherein said 
nutraceutical is formulated for administration by inhalation, 
by injection, by rectally, or vaginally. 

]5 io. A dietary supplement for prevention or treatment 

of cancer comprising the composition of claim 1 or 2. 



11. The dietary supplement of claim 10 wherein said 
dietary supplement is administered orally as a tablet, capsule 
or liquid . 
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TypecKName: Jane Massey Licata. Registration No. 32,257 

Assistant Commissioner for Patents 
Box PCT 

Washington, D.C. 20231 
Dear Sir: 

RESPONSE TO WRITTEN OPINION 

This is in reply to the Written Opinion mailed August 
29, 2001, setting a two (2) month period for response. Also, 
attached herewith is a copy of a replacement claim set. This 
claim set is identical to that originally provided to the 
international Preliminary Examining Authority in a paper dated 
February 26, 2001 except that an inadvertent error in claim 
5 has been corrected i.e. this claim now correctly refers to 
a "composition". Applicants note that the application as 
published on March 29, 2201, did not include this replacement 
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claim set. Accordingly, Applicants request that the claims 
be replaced by the replacement claim set provided herewith. 

Claim 1 has been suggested to lack novelty under PCT 
Article 33(2) as being anticipated by Nagy et al. (1979). 
Applicants have amended claim 1 to include the language of 
using three or more polymethoxylated flavones. Support for 
this amendment to the claim can be found in the specification 
as filed at page 4, where the components as listed in claim 
1 are taught, at pages 4-6 where the activity of an extract 
containing multiple polymethoxylated flavones is taught, and 
at page 9 where a combination of polymethoxylated flavones is 
taught. No new matter was added by this amendment to the 
claim. 

The Examiner suggests that this reference teaches the 
claimed compounds being obtained from citrus peel and methods 
to obtain the claimed compounds. Nagy et al . (1979) is a book 
chapter that discusses flavonoid constituents of citrus. 
Careful review of the chapter indicates that it does not teach 
extracting only orange peel to obtain flavenoid compounds. In 
addition, although only certain compounds are mentioned in 
this reference, such as tangeretin and sinensetin, the 
reference fails to teach the use of three or more flavones in 
combination as now claimed. Accordingly, this reference 
cannot anticipate the invention as now claimed. 
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Claims 1-6 have been suggested to lack novelty under PCT 
Article 33(2) as being anticipated by Peirce (1999). The 
Examiner suggests that this reference discloses that rosemary 
extract helps to fight cancer and significantly inhibited 
development of breast cancer. Applicants disagree with the 
Examiner's conclusions. 

As mentioned above, claim 1, and by dependency claims 
2-6, have been amended to refer to a composition containing 
three or more specific polymethoxylated flavones in 
combination, and the use of this composition either alone or 
with other herbal extracts to prevent or treat cancer. 

The reference of Peirce (1999) is a book excerpt which 
teaches use of rosemary for curative properties. However, 
nowhere does this reference teach or suggest any compound 
extracted from orange peel, including none of the 
polymethoxylated flavones recited. Accordingly, this 

reference does not anticipate the present invention. 

Claims 1-11 have been said to lack novelty under PCT 
Article 33(2) as being anticipated by Madis Botanicals. The 
Examiner suggests that this reference discloses that 
resveratrol prevents carcinogenesis, leukemia, and 
preneoplastic lesions or tumorigenesis . 

The reference cited as Madis Botanicals is a package 
insert-type excerpt that lists the nut raceut ical profile of 
resveratrol. Review of the reference reveals that it teaches 



Response to Writte^fipinion 
PCT/US00/25733 fJT 
Page 4 

that Huzhang is a concentrated source of resveratrol . Nowhere 
does this reference teach or suggest any compounds extracted 
from oranges or orange peel specifically. Further, although 
the reference teaches use of resveratrol in cancer, it does 
not teach use of any of the compounds extracted from orange 
peel. Therefore, this reference does not anticipate the claims 
as amended which refer to use of three or more specific 
polymethoxylated flavone compounds extracted from orange peel 
in combination with other compounds such as resveratrol. 

Claims 1-3 and 5 have been suggested to lack novelty 
under PCT Article 33(2) as being anticipated by Castleman. 
The Examiner suggests that this reference discloses that black 
tea has antioxidants and may be useful in cancer prevention. 

The reference of Castleman is an excerpt from a book. 
The reference teaches use of tea to aid in the prevention of 
cancer. Nowhere does this reference teach or suggest any 
compounds extracted from oranges or orange peel specifically, 
as claimed in the amended claims, or their uses to treat 
cancer. Therefore, this reference cannot anticipate the claims 
as amended . 

Claims 1-11 have been suggested to lack an inventive 
step under PCT Article 33(3) as being obvious over Nagy et 
al., in view of Peirce, Madis Botanicals, Castleman, Thomas, 
and Bailey. The Examiner suggests that these references 
combined teach use of plant extracts for treating or 
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preventing cancer and that Thomas et al . specifically teaches 
that carotenoid pigments from orange peels prevent cancer. 

As discussed .above, the claims have been amended to 
recite that certain polymethoxylated flavones are being used 
as a composition either as a combination of three or more 
compounds, or these three or more compounds in combination 
further with other plant extracts. These compositions are 
then claimed for use in treating or preventing cancer. 

Also as discussed above, the references of Nagy et al . , 
Peirce, Madis Botanicals, and Castleman fail to teach or 
suggest use of three or more polymethoxylated flavones as 
listed, extracted from orange peel, in any way, including 
prevention and treatment of cancer. Thomas (US Patent No. 
5,830,738) discloses extraction of carotenoids from plants. 
Review of the patent, however, reveals that it teaches only 
carotenoids, not flavonoids, which are chemically distinct 
compounds. Therefore, this reference does not teach the 
present invention. The reference 'of Bailey (US Patent 
5,859,293) discloses a process of extracting carnasic acid 
from rosemary and sage. Again, review of the patent, reveals 
that it teaches only carnasic acid from plants, not the 
compounds of the present invention extracted from orange peel, 
which are chemically distinct from carnasic acid. 
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Accordingly, this combination of references fails to 
make the invention obvious. 

Respectfully submitted, 

Jane Massey Licata 
Registration No. 32,257 

Date: October 26, 2001 

Licata & Tyrrell P.C. 

66 E. Main Street 

Marlton, New Jersey 08053 

(856) 810-1515 
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What is claimed is: 

1. A composition comprising an extract of orange peel 
containing three or more polymethoxylated flavones, wherein 
said flavones are selected from the group consisting of 
5 4 ' , 5 , 6 , 1 , 8 - pent ame thoxy f lavone , 3 ' , 4 * , 5 , 6 , 7 , 8 - 

hexamethoxyf lavone, 5, 6, 7, 3', 4 ' -pentamethoxyf lavone , 5- 
hydroxy-6 , 7, 8 , 3 ' , 4 ' -pentamethoxyf lavone, 5 -hydroxy- 7 , 8 , 3 1 , 4 ' - 
methoxyf lavone, 5 , 7 - hydroxy - 6 , 8 , 3 ' , 4 ' -methoxyf lavone , 

5, 7, 8 , 3 * , 4 • -pentamethoxyf lavone, 5,7,8,4' -methoxyf lavone , 

10 3,5,6,7,8,3' ,4' -methoxyf lavone , 5 -hydroxy- 3 , 6,7,8,3' ,4*- 

methoxyf lavone, 5 -hydroxy- 6 , 7 , 8 , 4 » -methoxyf lavone , 5,6,7,4'- 
me thoxy f lavone, 7 -hydroxy- 3 , 5 , 6 , 8 , 3 ' ,4' -methoxyf lavone , and 
7 -hydroxy- 3 , 5, 6, 3 ' , 4 ■ -methoxyf lavone , and a physiologically 
acceptable carrier or excipient. 

15 2. A composition comprising the extract of claim 1 and 

at least one other compound selected from the group consisting 
of rosemary extract,, a Mexican BamJaoo extract, a Huzhang 
extract, resveratrol, a black tea extract, and a hydroxylated 
or methoxylated resveratrol analog. 

20 3. A method for inhibiting tumor cell growth in an 

animal comprising administering to an animal the extract of 
claim 1 . 



4. A method for inhibiting tumor cell growth in an 
animal comprising administering to an animal the composition 
of claim 2. 

5. A method for preventing or treating cancer in an 
5 animal comprising administering to an animal an effective 

amount of the composition of claim 1. 

6. The method of claim 5 further comprising 
administering at least one additional compound selected from 
the group consisting of a rosemary extract, a Mexican Bamboo 

10 extract, a Huzhang extract, resveratrol, a hydroxylated 
resveratrol analog, a black tea extract, and a methoxylated 
resveratrol analog. 

7. A nutraceutical for prevention or treatment of 
cancer comprising the composition of claim 1 or 2 . 

15 8 ^ Xne nutraceutical of claim 7 wherein said 

nutraceutical is administered orally as a tablet, capsule or 
liquid. 

9. The nutraceutical of claim 7 wherein said 
nutraceutical is formulated for administration by inhalation, 

20 by injection, by rectally, or vaginally. 

10. A dietary supplement for prevention or treatment 
of cancer comprising the composition of claim 1 or 2 . 

11. The dietary supplement of claim 10 wherein said 
dietary supplement is administered orally as a tablet, capsule 

25 or liquid. 
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EXTRACTS OE ™ "» PREVENTION 

AND TREATMENT OF CANCER 
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dried orange peel. CN 1200277 describes use of a composition 
composed of 16 plant components, one of which is dried orange 
peel, for treatment of psychosis and nervous system disease. 
CN 1116945 describes the use of orange peel along with several 
5 other natural products in a capsule form to sooth the liver, 
nourish the stomach, remove stasis, stop pain and cure various 
gastric diseases. CN 1111134 discloses an oral liquid 
containing orange peel, among other things, for treatment of 
neurastenia, chronic bronchitis, asthma, coronary heart 

10 disease, high blood lipid levels, hepatitis, cytopenia, 
senility and immune dysfunction. CN 1106673 is a patent for 
a disease-preventing nutrient tea that is produced from a 
variety of products, including soaked, crushed orange peel. 
CN 1077124 describes a Chinese herb preparation for treatment 

15 of iron-deficiency anemia that is composed of a number of 
ingredients, including dried orange peel. Finally, a Japanese 
patent <JP 57156761) discloses a heat -generating pad for 
orthopedic diseases that contains extracts and powders of many 
plants, including orange peel. 

2 0 It has now been found that an extract of orange peel has 

biological activity as a treatment and preventative agent for 
cancer . 



Summary of the Inv ention 

An object of the present invention is an extract of 
25 orange peel which comprises 4 1 , 5 , 6 , 7 , 8-pentamethoxyf lavone and 
3 • , 4 ' , 5 , 6 , 7 , 8-hexamethoxyf lavone . The composition may further 
comprise other polymethoxylated flavones. 

Another object of the present invention is a composition 
which comprises an extract of orange peel and rosemary 
30 extract, a Mexican Bamboo extract, a Huzhang extract, 
resveratrol, a black tea extract, and/or a hydroxylated or 
methoxylated resveratrol analog. 

Another object of the present invention is to provide 
a method for inhibiting tumor cell growth m an animal 
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comprising administering to an animal an orange peel extract 
which is administered alone or in combination with rosemary 
extract, a Mexican Bamboo extract, a Huzhang extract, 
resveratrol, a black tea extract, and/or a hydroxylated or 
5 methoxylated resveratrol analog. 

Another object of the present invention is to provide 
a method for preventing or treating cancer in an animal which 
comprises administering to an animal an effective amount of an 
orange peel extract which is administered alone or in 
10 combination with rosemary extract, a Mexican Bamboo extract, 
a Huzhang extract, resveratrol, a black tea extract, and/or a 
hydroxylated or methoxylated resveratrol analog. 

Detailed Description of the Invention 

Unlike many phytochemicals , orange peel extract is lipid 

15 soluble, a property which is desirable in many drug products 
because passage across biological membranes, and ultimately 
bioavailability, is enhanced. Orange peel and its extracts 
have been used in a variety of herbal drug products in 
combination with many different plant components and extracts. 

2 0 However, none of the previous research on orange peel or its 
extracts has examined or demonstrated activity against tumor 
cell growth or cancer. It has now been shown that orange peel 
extract inhibits tumor growth in vivo. 

Orange peel extract is a mixture of highly bioactive and 

25 organic soluble, methylated flavonoids. An extract was 
obtained from cold-pressed peel oil solids, a waste product 
from the orange juice industry. The peel oil solids were 
dissolved in warm ethanol and, after several repeated washes, 
became a standardized product, with a reproducible amount of 

30 flavonoids. The extract comprises a mixture of various 
analogs and homologs of methylated flavonoids. 

Experiments were performed to isolate and identify 
components in the orange peel extract. Methylated flavonoids 
from the orange peel extract were analyzed by either reverse- 
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phase or normal -phase high performance liquid chromatography 
(HPLC) . During normal phase HPLC the conditions included use 
of a silica gel HPLC column (MacMod Analytical Co., Chadds 
Ford, PA) of dimensions 4.6 mm i.d. x 25 cm length and a 
solvent gradient that started at 90% hexane and went: to 90% 
chloroform in 20 minutes with a final hold at 90% chloroform 
for an additional 20 minutes. Separated components or peaks 
were then identified using HPLC coupled with mass spectrometry 
(HPLC-MS) . Atmospheric pressure chemical ionization mass 
spectrometry was used for molecular weight determinations. 
HPLC-MS techniques such as particle beam (EI) introduction was 
used to produce standard fragmentation patterns of the 
methylated flavonoids. Standards for many of the compounds 
were obtained from the Florida Department of Citrus. Using 
15 these techniques the following components were identified: 
5 , 6, 7, 3 ' , 4 ' -pentamethoxyf lavone (also known as sinensetin) , 
5 , 6 , 7 , 8 , 3 ' , 4 ' -hexamethoxyf lavone (also known as nobeletin) , 
5, 6, 7, 8,4 ' -pentamethoxyf lavone (also known as tangeretin) , 5- 
hydroxy-6, 7, 8, 3 ' ,4 1 -pentamethoxyf lavone (also known as 
20 auranetin) , 5 -hydroxy- 7 , 8 , 3 ' ,4' -methoxyf lavone, 5,7-hydroxy- 
6, 8, 3 • , 4 ' -methoxyf lavone, 5, 7, 8, 3 ' , 4 1 -pentamethoxyf lavone , 
5,7,8,4' -methoxyf lavone , 3, 5, 6 , 7, 8, 3', 4' -methoxyf lavone , 5 - 
hydroxy- 3 , 6 , 7, 8, 3', 4' -methoxyf lavone , 5 -hydroxy- 6 , 7,8,4'- 

methoxyf lavone , 5,6,7,4' -methoxyf lavone , 7 -hydroxy - 

25 3 , 5 , 6 , 8 , 3 ' , 4 1 -methoxyf lavone , and 7 -hydroxy- 3 , 5 , 6 , 3 1 , 4 1 - 
methoxyf lavone . 

The in vivo tumor inhibitory effects of the complete 
(including all 14 identified compounds) orange peel extract 
was tested in an orthotransplant model (Telang, N.T. et al . 
30 1990. Cell Regulat. 1:863-872). Mice were transplanted with 
oncogene-expressing, preneoplastic breast epithelial cells. 
Mice were then divided into groups with the control group fed 
AIN-76A diet alone. Another group of mice was fed AIN-76A 
diet supplemented with 5000 ppm orange peel extract. After 12 
35 weeks of continuous feeding, all mice in the control group 
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exhibited palpable tumor formation at the transplant sites 
(100% tumor incidence) . In contrast, the group fed diet 
supplemented with the orange peel extract had a 0% tumor 
incidence (0/5 mice) . Weight gains in the groups were 
5 comparable indicating that the orange peel extract had little 
to no systemic toxicity. 

The orange peel extract was then tested in an in vivo 
model for colon cancer. Female CF-1 mice were injected with 
azoxymethane (AOM) once a week for four weeks at increasing 

10 doses {5, 10, 10 and 10 mg/kg) . Orange peel extract was 
administered in the diet (0.2%) starting two weeks before the 
first AOM injection, during and continuing until the end of 
the experiment at 24 weeks. At week 24, the mice were given 
one last dose of AOM (10 mg/kg) . The mice were then 

15 sacrificed and their colons removed (from anus to caecum). 
The colons were opened longitudinally, rinsed with normal 
saline, and stapled to a plastic sheet. The colon samples 
were placed in a 10% neutral buffered formalin solution for 24 
hours. The entire colon was stained with 0.2% methylene blue 

20 dissolved in phosphate buffered saline for 20 minutes. The 
whole mount of colon samples were then examined using light 
microscopy for the presence of aberrant crypt (AC) or aberrant 
crypt foci (ACF) . Both ACF and AC are biomarkers for colon 
cancer. Cancer prevention diets have been shown to reduce 

25 formation of ACF and AC. Mice fed nordihydroxyguaiaret ic acid 
(NDGA) in the diet (0.2%) were used as controls. The results 
are shown below in Table 1. 



Table 1 

Effect of Feeding Orange Peel Extract on AOM- 
Formation of Aberrant Crypt Foci (ACF) in 


Induced 
Mice 


Lesion 


Negative 
Control 


Positive 
Control 


0.2% NDGA 


0.2% 
Orange 
Peel 


ACF/colon 


0 


5 . 2±1 . 2 


2.7+0.9 


2 . 7 + 0 . 8 



30 
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15 



AC/colon 


0 


37 + 5 . 9 


9 .4±2 .2 


12 . 6±2 . 8 


AC/ACF 


0 


7 . 1 


3 . 5 


4 . 7 


ACF: 
1 

at / on 

M.k_- / LUXUIl 


0 


15.0±2.5 


6 .8 + 1.5 


6 .4±1.4 


ACF: 

2 

Ap / pol OT1 


0 


5 . 5 + 1 . 2 


1 . 0±0 . 3 


2 . 0 + 0.3 


ACF: 
3 


0 


1 . 0±0 . 4 


0 .2±0.2 


0 .2 + 0 .2 


ACF: 
4 

a 1 rifil on 

/ L-U-LUil 


0 


1 . 0±0 .4 


0 


0 .2±0 .2 


ACF: 
5 

AC/colon 


0 


0.2±0.2 


0 


0 


ACF: 
6 

AC/colon 


0 


0 .3±0.3 


0 


0.2+0 .23 


ACF: 
7 

AC/colon 


0 


0 . 2±0 . 2 


0 


0 



25 There was a 48% and 48% inhibition of the number of ACF per 
colon with NDGA and orange peel extract treatment, 
respectively. In addition, the ratio of AC/ACF was inhibited 
by 51% and 34%, with NDGA and orange peel extract treatment, 
respectively. These data demonstrate the efficacy of the 

30 orange peel extract in this animal model of colon cancer. 

In a similar experiment in the mouse colon cancer model, 
CF-1 mice were injected with AOM (5, 10, 10 and 10 mg/kg) 
starting at 6 weeks of age, once each week and then once at 37 
weeks after the first dose of AOM . Throughout the treatment 

35 period, mice received either an AIN 76A diet or test compound 
in AIN 76A diet at 2 weeks before the first dose of AOM and 
continuing until the end of the experiment. The test 
compounds were NDGA (0.2%) and orange peel extract (0.2%). 
Colon samples were again obtained at sacrifice, stored in 10% 
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formalin phosphate buffer, and then colon tumor number was 
determined. The results are shown in Table 2. 



5 



10 



Table 2 

Effect of Dietary Orange Peel Extract Treatment on AOM- 
Induced Colon Tumor igenes is in Mice 


Treatment 


Number of 
Animals 


Body 
Weight 

(g) 


Colon Tumors 
Per Mouse 


Percent 
Incidence 
(%) 


no AOM 
(negative 
control ) 


15 


51 . 3±1 . 9 


0 


0 


AOM 


27 


46 . 7 + 1 . 9 


0 - 52±0 . 12 


44 


0.2% NDGA 
+ AOM 


11 


45 . 8±2 .1 


0 . 27±0 . 14 


27 


0 .2% 
Orange 
Peel + 

AOM 


17 


46 .7±2.2 


0 .29±0 . 11 


29 



The data show that treatment with orange peel extract 
inhibited tumor development in AOM- treated mice to the same 
extent as the control comparison compound, NDGA, supporting 
20 the efficacy of orange peel extract as an ant i - tumorigenic 
agent . 

In addition to testing for the activity of the complete 
orange peel extract, two of the identified extract components, 
tangeretin and nobeletin, were tested for their combined 

25 activity in a cell proliferation assay. The growth of W138 
(normal) and W138VA (transformed) cells was tested in the 
presence of a mixture of tangeretin and nobeletin. The dye 
crystal violet was used for measuring growth of the cells. 
Cells were treated with either tangeretin alone (0, 1, 5, 10, 

30 20 or 50 ^g/ml) , nobeletin alone (0, 1, 5, 10, 20 or 50 iiy/ml) 
or a mixture of the two compounds at a total concentration of 
the two flavenoids of 0, 1, 5, 10, 20 or 50 /ig/ml . When used 
alone, tangeretin and nobeletin produced only marginal 
effects to inhibit cell growth in transformed cells, even at 
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the highest dose tested, and had no effect on normal cell 
growth. In contrast, when administered as a mixture, 

tangeretin and nobeletin showed synergistic activity, with 
growth inhibition produced in transformed cells, in a dose 
5 dependent manner. There was no appreciable effect of the 
mixture on normal cell growth. These data confirm the results 
of the experiment in whole animals where orange peel extract, 
containing tangeretin and noveletin, had ant i - tumorigenic 
activity. Further, when an extract containing 30% of the 

10 methylated flavenoids, including tangeretin and nobeletin was 
tested in this same assay there were significant inhibitory 
effects of cell proliferation at doses of 20 and 50 /zg/ml. 
The range of doses of the extract tested was 0, 1, 5, 10, 20 
and 50 /zg/ml . These data provide evidence for a synergistic 

15 effect of the polymethylated flavonoids in arresting and 
inhibiting the growth of tumor cells. 

Experiments were also performed in a preclinical cell 
culture model for human ductal breast carcinoma in situ 
(DCIS) . The human breast -derived preneoplastic cell line 184- 

20 B5/HER expressed HER- 2 / neu , p53 and EGFR but not ER, therefore 
resembling the clinical DCIS. Initial dose-response 

experiments compared the growth inhibitory effect of orange 
peel extract on the parental 184-B5 cells and the HER- 2 /neu 
oncogene-expressing 184-B5/HER cells. Relative to parental 

25 cells, orange peel extract was at least two times more 
effective as a growth inhibitor for 184-B5/HER cells. Orange 
peel extract at the maximum cytostatic dose of 100 ppm 
accumulated the cells in the G0/G1 phase and inhibited the 
S+G2/M phase of the cell cycle, leading to down-regulation of 

30 cell cycle progression. This alteration in the cell cycle 
progression resulted in a 5- fold increase in the G0/G1: S+G2/M 
ratio. Treatment of 184-35/HER cells with 100 ppm orange peel 
extract resulted in a 47.5% decrease in immunoreactivity to 
phosphotyrosine (marker for tyrosine kinase activity) and a 

35 157.7% increase in immunoreact ivi ty to the cyclm dependent 
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kinase inhibitor pl6 1NKA . In addition, there was a selective 
induction of apoptosis in 184-B5/HER cells but not in parental 
184-B5 cells. Treatment of 184-B5/HER cells with 100 ppm 
orange peel extract induced a 7.6-fold increase in sub G0/G1 
5 (apoptotic) population. Consistent with the induction of 
apoptosis, immunoreactivity to ant i -apoptotic Bel -2 was 
decreased by 33%. 

Based upon the experiments described herein, it is 
believed that compositions comprising orange peel extract or 

10 a combination of components of the orange peel extract 
including but not limited to tangeretin and nobeletm, may be 
included in foods and dietary supplements or "nutraceut icals" 
for prevention or treatment of cancer. One of skill can use 
the results of experiments in cells and animals described 

15 herein to determine effective amounts to be administered to 
other animals, including humans. By "effective amount" it is 
meant a concentration that inhibits tumor growth either in 
vitro in cells or in vivo in animals. For example, human test 
doses can be extrapolated from effective doses in cell 

20 studies, such as IC 50 values, or from effective doses in vivo 
by extrapolating on a body weight or surface area basis. Such 
extrapolations are routine in the art. Compositions 
comprising orange peel extracts can be formulated for 
administration as a food supplement using one or more fillers. 

25 Alternatively, compositions comprising these extracts can be 
administered as conventional pharmaceuticals using one or more 
physiologically acceptable carriers or excipients. 
Nutraceutical compositions can be formulated for 
administration by any route including, but not limited to, 

30 inhalation or insufflation (through mouth or nose), oral, 
buccal, parenteral, vaginal, or rectal administration. In one 
embodiment, oral administration, the compositions are added 
directly to foods and ingested as part of a normal meal. 
Various methods are known to those skilled in the art for 

35 addition or incorporation of nut raceut i cal s into foods. 
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Compositions for use in the present invention can also 
be administered in the form or tablets or capsules prepared by 
conventional means with pharmaceutical ly acceptable excipients 
such as binding agents, fillers, lubricants, disintegrants , or 
5 wetting agents. Examples of specific compounds for use in 
formulating tablets and capsules are described in detail in 
the U.S. Pharmacopeia. Tablets comprising the extract can 
also be coated by methods well known in the art. Liquid 
preparations for oral administration can also be used. Liquid 
10 preparations can be in the form of solutions, syrups or 
suspensions, or a dry product for reconstitution with water or 
another suitable vehicle before use. Such liquid preparations 
can be prepared by conventional means with pharmaceutical^ 
acceptable additives such as suspending agents, emulsifying 
15 agents, non-aqueous vehicles, and preservatives. Again, 
specific additives are well known to those of skill and are 
listed in places such as the U.S. Pharmacopeia. In one 
embodiment, the oral preparation is formulated to provide 
controlled time release of the active nutraceutical 
20 components. For buccal administration the extract can be 
formulated as a tablet or lozenge. 

For administration by inhalation, compositions for use 
in the present invention can be delivered in the form of an 
aerosol spray in a pressurized package or as a nebulizer, with 
25 use of suitable propellants . In the case of a pressurized 
aerosol, the dosage unit can be determined by providing a 
valve to deliver a metered dose. 

Parenterally administered compositions are formulated 
to allow for injection, either as a bolus or as a continuous 
30 infusion. Formulations for injection can be prepared in unit 
dosage forms, such as ampules, or in multi-dose units, with 
added preservatives. The compositions for injection can be in 
the form of suspensions, solutions, or emulsions, in either 
oily or aqueous vehicles. They may also contain formulatory 
35 agents such as suspending agents, stabilizing agents, and/or 



WO 01/21137 PCT/US00/25733 

- 11 - 

dispersing agents. The active ingredient may also be 
presented in powder form for reconstitut ion with a suitable 
vehicle before use. Specific examples of formulating agents 
for parenteral injection are found in the U.S. Pharmacopeia. 

5 For rectal administration or vaginal administration, 

compositions for use in of the present invention can be 
formulated as suppositories, creams, gels, or retention 
enemas . 

For dietary supplements, the extract can be added in 

10 concentrations up to 5% by weight and mixed according to 
methods routine in the art. Dietary supplements for animals 
can be prepared in a variety of forms including, but not 
limited to, liquid, powder, or solid pill forms. In the 
present invention, the orange peel extract can administered 

15 either alone or in combination with other phytochemicals known 
to affect tumor cell growth, where combining compounds or 
extracts would lead to synergistic effects. Examples of other 
phytochemicals which can be used in combination with orange 
peel extract include, but are not limited to, resveratrol and 

20 its hydroxylated and methoxylated analogs, rosemary extract, 
black tea extracts, Mexican Bamboo, and Huzhang extracts. 

Many plants, such as Mexican Bamboo and Huzhang, contain 
high amounts of an active component known as resveratrol. 
Resveratrol is a well known, biologically active 

25 phytochemical . Resveratrol and its hydroxylated and 

methoxylated analogs have been shown to have activity both in 
vitro and in vivo to affect cell proliferation and tumor cell 
growth. Resveratrol and several of its analogs (3,5- 
dihydroxystilbene: R-l; 3, 3', 4, 5 ' - tetrahydroxyst ilbene : R- 

3 0 2; 3, 4, 4', 5 - tetrahydroxyst ilbene : R-3; 3, 3', 5, 5'- 
tetrahydroxystilbene (R-4), 3, 3', 4, 5, 5»- 

pentahydroxysti ibene : R-5; 3, 5 -dime thoxyst i lbene : MR-1; 3, 
4', 5 - 1 rime thoxyst ilbene : MR-0; 3, 3', 4, 5'- 
tetramethoxystilbene : MR-2; 3, 4, 4', 5 - 1 et ramethoxys t i lbene : 
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MR- 3 ; 3, 3', 5' 5 * - te tramethoxyst i lbene : MR-4 ; and 3, 3', 4, 
5, 5 1 -pentamethoxystilbene : MR-5) were evaluated in cell 
culture studies using standard methodologies. 

W138 human diploid fibroblasts and cancerous SV40- 
5 transformed W138 cells (W138VA) were used in a cell 
proliferation assay. Growth rate and viability of these cells 
was determined following addition of resveratrol or one of its 
analogs. Doses tested ranged from 50 ng to 300 /xg per ml or 
1 /xM to 100 xzM concentrations in culture media. Resveratrol 

10 inhibited cell growth at concentrations less than 10 tzM . The 
resveratrol analogs R3 and MR-0 also inhibited cell growth. 
At a concentration of 1 /xM, MR-3 completely blocked 
proliferation of W138VA cells, although it had no effect on 
growth of W138 cells. MR-4 inhibited growth of W138 cells but 

15 not W138VA cells at doses of 100 /xM. MR-1 was not active as 
an inhibitor of cell growth even at doses as high as 100 /xM . 

Treatment of W138 and W138VA cells with resveratrol and 
its analogs also led to morphological changes in the cells. 
Treatment of W138 cells with resveratrol and its analogs R-l 

20 and R-3 led to elongation of normal W138 cells. Methoxy 
analogs such as MR-0 and MR-3 caused the flattening of W138 
cells. This flattening was accompanied by an increase in 
neutral £ -galactosidase activity as indicated by an increase 
in staining. An increase in activity of p-galactosidase is 

25 characteristic of senescent cells, indicating that these 
analogs modulate the life-span of normal cells. 

Resveratrol and its analogs were also tested in 
preneoplastic 184-B5/HER human mammary epithelial cells. 
Results showed that there was a dose-dependent inhibition of 

30 growth in response to treatment with resveratrol as well as 
the methoxy derivatives MR-0, MR-2 and MR-3. The 
concentration that inhibited growth by 50% (IC 50 ) for the 
tested compounds were: resveratrol, 10.5 fiM ; MR-0, 10.5 /xM; 
MR-2 120 /xM; MR-3, 1.0 /iM . A cell cycle analysis revealed 

35 that treatment with MR-0, MR-2 and MR-3 resulted in 
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progressive arrest of cells in the G2/M phase relative to 
solvent-treated control cultures and that MR-3 was the most 
effective compound. 

The in vivo tumor inhibitory effects of MR-3 were tested 
5 in an orthotransplant model. Mice were transplanted with 
oncogene-expressing, preneoplastic breast epithelial cells. 
Mice were then divided into groups with the control group fed 
AIN-76A diet alone. Another group of mice was fed AIN-76A 
diet supplemented with MR-3 (400 ppm) . After 12 weeks of 
10 continuous feeding, all mice in the control group exhibited 
palpable tumor formation at the transplant sites (100% tumor 
incidence) . In contrast, the group fed diet supplemented with 
the analog MR-3 had a 20% tumor incidence, with only one mouse 
of the five tested exhibiting tumor growth. Weight gains in 
15 the groups were comparable indicating that the analog had 
little toxicity. 

This series of studies, both in vitro and in vivo, 
indicated that resveratrol as well as analogs of resveratrol 
have biological activity related to preventing progression of 
20 cancer in cells. 

Extracts of rosemary have also been shown to have anti- 
tumor activity and chemopreventive properties (Huang et al . 
1994. Cancer Res . 54 : 701-708 ; Tokuda et al . 1986. Cancer Lett. 
33:279-285; Singletary et al . 1996. Cancer Lett. 104:43-48; 
25 Singletary, K.W. and J.M. Nelshoppen. 1991. Cancer Lett. 
60:169-175). For example, a diet containing 1% of rosemary 
extract significantly inhibited the initiation of mammary 
tumorigenesis in rats (Singletary, K.W. and J.M. Nelshoppen. 
1991. Cancer Lett. 60:169-175). Palpable tumor incidence in 
30 rats fed the rosemary extract was 47% less than that of rats 
fed a control diet. Therefore, rosemary extracts were cancer 
preventive . 

Black tea and its extracts have also been well -studied 
as potential pharmacological agents. Epidemiological studies 
35 have suggested that tea consumption has a protective effect 
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against certain forms of human cancer (Stoner, G . D . and H. 
Mukhtar. 1995. J . Cell Biochem. Suppl . 22:169-180; Fujiki et 
al. 1996. Nutr. Rev. 54:S67-S70). In addition, extracts of 
black tea in particular have been shown to be potent 
5 inhibitors of tumorigenesis in several animal model systems 
(javed et al . Biomed. Environ. Sci . 11:307-313; Yang et al . 
1997. Carcinogenesis 18:2361-2365; Weisberger et al . 1998. 
Carcinogenesis 19:229-232 ; Rogers et al . 1998. Carcinogenesis 
19:1269-1273). Therefore, black tea extracts are known to be 

10 tumor preventive agents. 

Accordingly, it is believed that a combination diet of 
dietary supplement comprising orange peel extract and at least 
one other phytochemical will also be useful to treat or 
prevent cancer in animals, including humans. Orange peel 

15 extract may be used in combination with rosemary extract, 
resveratrol and its analogs, Mexican Bamboo or Huzhang 
extracts, and black tea extracts. Doses of each extract used 
in the combination product are selected based on known 
activity of the extract in animals or cells. 
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What is claimed is: 

1. An extract of orange peel comprising 4', 5 , 6,7,8- 
pentamethoxyf lavone and 3 1 , 4 * , 5 , 6 , 7 , 8 -hexamethoxyf lavone . 

2. The extract of claim 1 further comprising at least 
5 one compound selected from the group consisting of 5 -hydroxy - 

6 , 7 , 8 , 3 1 , 4 • -pentamethoxyf lavone , 5 -hydroxy- 7 , 8 , 3 1 , 4 1 - 

methoxyf lavone , 5 , 7-hydroxy-6 , 8 , 3 ' , 4 ' -methoxyf lavone , 

5 , 7 , 8 , 3 1 , 4 ■ -pentamethoxyf lavone, 5,7,8,4' -methoxyf lavone, 

3,5,6,7,8,3* ,4' -methoxyf lavone , 5 -hydroxy -3 ,6,7,8,3' , 4 ' - 

10 methoxyf lavone , 5-hydroxy-6 , 7 , 8 , 4 * -methoxyf lavone, 5,6,7,4'- 
methoxyf lavone, 7 -hydroxy- 3 , 5 , 6 , 8 , 3 ', 4 ' -methoxyf lavone , and 7- 
hydroxy- 3 , 5 , 6 , 3 ' , 4 1 -methoxyf lavone . 

3 . A composition comprising the extract of claim 1 and 
at least one other compound selected from the group consisting 

15 of rosemary extract, a Mexican Bamboo extract, a Huzhang 
extract, resveratrol , a black tea extract, and a hydroxylated 
or methoxylated resveratrol analog. 

4 . A composition comprising the extract of claim 2 and 
at least one other compound selected from the group consisting 

2 0 of rosemary extract, a Mexican Bamboo extract, a Huzhang 
extract, resveratrol, a black tea extract, and a hydroxylated 
or methoxylated resveratrol analog. 



animal comprising administering to an animal the extract of 
25 claim 1 or claim 2. 



5 . 



A method for inhibiting tumor cell growth in an 



6. A method for inhibiting tumor cell growth in an 
animal comprising administering to an animal the composition 
of claim 3 or claim 4 . 
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7. A method for preventing or treating cancer in an 
animal comprising administering to an animal an effective 
amount of an extract of claim 1 or claim 2 . 



8. The method of claim 7 further comprising 
5 administering at least one additional compound selected from 
the group consisting of a rosemary extract, a Mexican Bamboo 
extract, a Huzhang extract, resveratrol, a hydroxylated 
resveratrol analog, a black tea extract, and a methoxylated 
resveratrol analog. 



Jf* ^y what is claim ed is; 

r 1. An extract of orange peel comprising 4 ',5,6,7, 8- 

pentamethoxyf lavone and 3 ' , 4 • , 5 , 6 , 7 , 8 -hexamethoxyf lavone . 

2 . The extract of claim 1 further comprising at least 
5 one compound selected from the group consisting of 5 -hydroxy - 

6 , 7, 8 , 3 1 , 4 ' -pentamethoxyf lavone, 5 -hydroxy- 7, 8 , 3 ' , 4 ■ - 

methoxyf lavone , 5 , 7 -hydroxy- 6 , 8 , 3 ' , 4 ' -me thoxyf lavone , 

5, 7, 8, 3 • ,4 ' -pentamethoxyf lavone, 5,7,8,4' -methoxyf lavone , 

3,5,6,7,8,3' ,4* -methoxyf lavone , 5-hydroxy-3 , 6,7,8,3' ,4'- 

10 methoxyf lavone, 5 -hydroxy- 6 , 7 , 8 , 4 ' -methoxyf lavone , 5,6,7,4'- 
me thoxyf lavone, 7 -hydroxy-3 , 5 , 6 , 8 , 3 » , 4 ' -methoxyf lavone , and 7- 
hydroxy-3 , 5, 6, 3 ' , 4 1 -methoxyf lavone . 

3 . A composition comprising the extract of claim 1 and 
at least one other compound selected from the group consisting 

15 of rosemary extract, a Mexican Bamboo extract, a Huzhang 
extract, resveratrol, a black tea extract, and a hydroxylated 
or methoxylated resveratrol analog. 

4 . A composition comprising the extract of claim 2 and 
at least one other compound selected from the group consisting 

20 of rosemary extract, a Mexican Bamboo extract, a Huzhang 
extract, resveratrol, a black tea extract, and a hydroxylated 
or methoxylated resveratrol analog. 

5. A method for inhibiting tumor cell growth in an 
animal comprising administering to an animal the extract of 

25 claim 1 or claim 2. 

6. A method for inhibiting tumor cell growth in an 
animal comprising administering to an animal the composition 
of claim 3 or claim 4. 
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7. A method for preventing or treating cancer in an 
animal comprising administering to an animal an effective 
amount of an extract of claim 1 or claim 2. 
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